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ABSTRACT
A critical examination of the market quality of split, dried ,and smoked
bream (Tilapia spp.) was chemically, bacteriologically and organolept,ically
conducted for the period of August, 1968, to January, 1969. The aim of
this survey was to obtain basic information for the development of national
qual·ity standards for the commodity.
Relationships of cooked meat score to pH, fish size, appearance and
smell score, and water content wcre significantly correlated and responsive.
Therefore, these parameters were proposed to be u!>w· as indices for the
quality standards of the products.
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INTRODUCTION
In 1968, the Department of Wildlife, Fish-
eries and National Parks, Zambia, requested
the Central Fisheries Research Institute
(C.F.R.!.) 10 develop a set of national quality
standards for fish and fish products for
future use by fish inspection services.
For this purpose, analysis of the quality
of presently marketed fish and fish products
was indispensable to assure that the develop-
ed standards should essentially be applicable
to the local conditions.
As a first attempt of the development of
these standards, this paper describes the
results of chemical, microbiological and or-
ganoleptic examination 'of locally prepared
split, dried and smoked bream. This type of
product was considered as the most prized
by the Zambians and was estimated to com-
prise over 500/0 of dried fish sold on the
market in Zambia.
Material and Methods
Split, dried, smoked bream (Tilapia spp.)
were purchased from retailers at Luburma
market in Lusaka for the period from
August, 1968, to January, 1969. An effort
was made so that no retailers would recog-
nize our purpose for buying the fish and
our laboratory staff who actually did the
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p u r c h a s i n g w e r e i n s t r u c t e d t o a p p e a r a s o r d i -
n a r y s h o p p e r s . T h r e e t o f o u r r e t a i l e r s f r o m
w h o m t h e f i s h w e r e h o u g h t w e r e r a n d o m l y
s e l e c t e d o n e a c h s a m p l i n g d a t e . A t t h e s a m -
p l i n g . t h e o r i g i n o f t h e s a m p l e s w a s a s k e d
o f t h e r e t a i l e r s .
I t w a s p l a n n e d t o c o l l e c t f o u r s a m p l e s
w e e k l y b u t s c a r c i t y o f t h e c o m m o d i t y a t
c e r t a i n p e r i o d s c a u s e d s o m e w h a t i r r e g u l a r
d i s t r i b u t i o n o f t h e s a m p l i n g s .
T h e t o t a l n u m b e r o f t h e s a m p l e s w a s 8 3 ,
T a b l e I s h o w s t h e s o u r c e s o f t h e s a m p l e d
p r o d u c t b y m o n t h . F i s h f r o m B a r o t s e p r o -
v i n c e c o m p o s e d o v e r 40c;~ o f t h e s a m p l e s
f o l l o w e d b y K a r i b a ( 2 5 % ) a n d K a f u e ( 2 4 % ) .
T h e s e t h r e e f i s h e r i e s c o m p r i s e d n e a r l y 9 0 %
o f t h e t o t a l . A m a r k e t s u r v e y i n 1 9 6 4 - 6 5
( B E A T T Y 1 9 6 9 ) r e v e a l e d t h a t o n l y a n o n -
s i g n i f i c a n t a m o u n t o f d r i e d f i s h a t t h e
L u b u r m a m a r k e t w a s s u p p l i e d f r o m t h e
B a r o t s e f i s h e r y . O h v i o u s l y . t h i s f i s h e r y
g r e a t l y i n c r e a s e d i t s s h a r e i n t h e d r i e d f i s h
m a r k e t i n L u s a k a d u r i n g t h e p a s t t h r e e t o
f o u r y e a r s .
T h e p u r c h a s e d s a m p l e s w e r e b r o u g h t b a c k
t o t h e l a b o r a t o r y o f t h e C F . R . I . a t C h i l a n g a
a n d w e i g h e d i n d i v i d u a l l y t o 1 0 0 m g a n d
t h e n , s u b j e c t e d t o o r g a n o l e p t i c , c h e m i c a l a n d
b a c t e r i o l o g i c a l e x a m i n a t i o n s . T h e a n a l y s e s
w e r e m a d e O n e a c h p r o d u c t .
F i r s t l y , s k i n s u r f a c e s p e c i m e n s o f 2 0 t o
3 0 e m ' w e r e a s e p t i c a l l y t a k e n a n d s u s p e n d e d
i n 5 0 m l o f s t e r i l i z e d p h y s i o l o g i c a l s a l i n e .
F r o m t h i s s u s p e n s i o n , t e n f o l d d i l u t i o n w a s
m a d e a n d c o l i f o r m c o u n t s o n v i o l e t - r e d - b i l e -
a g a r a n d t o t a l a e r o b i c c o u n t s o n n u t r i e n t -
a g a r w e r e d e t e r m i n e d . I n c u b a t i o n t i m e w a s
2 4 h o u r s a t 3 r C f o r t h e c o l i f o r m c o u n t s
a n d f i v e d a y s a t r o o m t e m p e r a t u r e s o f 2 0 -
2 5 ° C f o r t h e t o t a l a e r o b i c c o u n t s .
S e c o n d l y , d e g r e e s o f d i s c o l o r a t i o n , f i r m -
n e s s o f m e a t , c l e a n i n g d e f e c t s , i n s e c t i n f e s t a -
t i o n , m o u l d c o n t a m i n a t i o n a n d o d o u r d e f e c t s
w e r e s e n s o r i l y a s s e s s e d b y t h e m e t h o d o f
W A T A N A B E a n d D Z E K E D Z E K E ( 1 9 7 l a ) ,
B a s e d o n t h e a s s e s S l n e n t s , o v e r a l l q u a l i t i e s
w e r e s c o r e d i n a h e d o n i c s c a l e o f e x c e l l e n t -
1 0 , g o o d - 8 , f a i r - 6 , p o o r - 4 , h a l f r o t t e n - 2 a n d
r o t t e n - D . G r a d e A o f t h e W a t a n a b e a n d
D z e k e d z e k e ' s m e t h o d c o r r e s p o n d e d t o 1 0
t o 8 o f t h e h e d o n i c s c o r i n g , G r a d e B t o 6
t o 4 , G r a d e C t o 2 t o 0 ,
A s m u c h m e a t p o r t i o n o f t h e f i s h a s
p o s s i b l e w a s t h e n s e p a r a t e d f r o m b o n e s ,
h e a d , s k i n a n d f i n s a n d w e i g h e d f o r e s t i m a -
t i o n o f m e a t p e r c e n t a g e . A f t e r t h e w e i g h i n g ,
t h e m e a t p o r t i o n w a s s e p a r a t e d i n t o t w o
p a r t s . O n e p a r t o f t h e m e a t w a s b o i l e d f o r
3 0 m i n u t e s i n a 2 % N a C i s o l u t i o n a n d
t h e e a t i n g q u a l i t y o f t h e m e a t w a s d e t e r m i n e d
o r g a n o l e p t i c a l l y b y a s e m i - t r a i n e d t a s t e p a n e l
c o m p o s e d o f f o u r t o f i v e m e m b e r s o f l o c a l
l a b o r a t o r y s t a f f , T h e s c o r i n g w a s m a d e i n
t e n p o i n t s c a l e , T h e t r a i n i n g o f t h e p a n e l
T a b l e 1 . M o n t h l y D i s t r i b u t i o n o f t h e O r i g i n u f D r i e d , S m o k e d B r e a m S a m p l e d f r o m L u b u r m a M a r k e t m
L u s a k a
1 9 6 8
1 9 6 9
O r i g i n
A u g . S e p t
O c t .
N o y .
D e c . J a n . T o t a l
%
B a r o t s e ( i n c l u d i n g S e s h e k e F i s h e r y )
2
3 2 2 1 6 t o 3 5
4 2 . 2
K a r i b a
4 2
2 9 4 0
2 1
2 5 , 3





2 4 . t
L u k a n g a
0 2
0 0 0 2
4 4 . 8











t 1 . 2
T o t a l
6 8
6 1 4 2 5 2 4 8 3
•
Table 2. Average Values and Ranges of Proximate Composition, pH, Bacterial Counts and Organoleptic scores of Dried, Smoked Bream Sampled from
Lubunna Market in Lusaka
(1) Samples were collected for the period August, 1968-Februsry, 1969.
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T a h l e 3 . C o m p a r i s o n o f S a l t C o n t e n t i n D r i e d ,
S m o k e d B r e a m C o l l e c t e d f r o m L u b u r m a M a r k e t
i n L u s a k a b e t w e e n 1 9 6 7 a n d 1 9 6 8 - 6 9 .
S a l t C o n t e n t
A t t h e b e g i n n i n g o f 1 9 6 7 , t h e d e t e r m i n a -
t i o n s o f s a l t c o n t e n t w e r e c a r r i e d o u t o n
d r i e d b r e a m c o l l e c t e d f r o m t h e s a m e m a r k e t
i n L u s a k a , a l t h o u g h o n a s m a l l e r s c a l e t h a n
t h e p r e s e n t o n e . F o r c o m p a r i s o n p u r p o s e s
t h e f o r m e r r e s u l t s a r e i n c l u d e d i n T a b l e 3
h o w e v e r , i s a s t e w m i x e d w i t h s o m e v e g e ·
t a b l e s w h i c h h a s a v e r y l o n g c o o k i n g t i m e
o f t w o t o t h r e e h o u r s . T h i s l o n g c o o k i n g
t i m e w o u l d d e s t r o y a l m o s t a l l t h e b a c t e r i a ,
e l i m i n a t i n g s u c h a d a n g e r .
T h e a v e r a g e s c o r e s o f a p p e a r a n c e a n d
s m e l l a s w e l l a s o f c o o k e d m e a t w e r e f a i r .
C o m p a r e d w i t h t h a t o f t h e L a k e T a n g a n y i k a
s a r d i n e p r o d u c t s , t h e a v e r a g e s c o r e o f c o o k e d
m e a t w a s o n e p o i n t l e s s . T h i s f i n d i n g i s c o n -
t r a r y t o t h e g e n e r a l b e l i e f t h a t t h e Z a m b i a n
p r e f e r s t h e d r i e d b r e a m t o t h e d r i e d s a r d i n e .
M e m b e r s o f o u r t a s t e p a n e l w e r e g e n e r a l l y
n o t s a t i s f i t : u w i t h . . t h e p r e s e n t l y m a r k e t e d
p r o d u c t s a n d e x p r e s s e d t h e o p i n i o n t h a t t h e
e a t i n g q u a l i t y s h o u l d b e i m p r o v e d . F r e s h
b r e a m , e s p e c i a l l y f r o m K a r i b a , w e r e f r e -
q u e n t l y f o u n d t o b e m u d d y i n t a s t e ( W A T A -
N A B E 1 9 6 5 - 6 6 ) . T h i s d e f e c t , h o w e v e r , w a s
n e v e r n o t i c e d o n t h e s m o k e d , d r i e d s a m p l e s
i n t h e p r e s e n t e x p e r i m e n t s . T h e s m o k y
f l a v o u r m a y h a v e m a s k e d t h e m u d d y t a s t e .
T h e a v e r a g e w e i g h t o f t h e d r i e d f i s h w a s
1 7 9 g , 4 0 % o f w h i c h w a s m e a t .
P e r i o d :
F e b r u a l Y - A u g u s t 1 9 6 8
A p r i l 1 9 6 7 t o J a n u a r y
1 9 6 9
w h i c h s h o w s t h
i t s r a n g e f o r t h
T h e a v e r a g e
i n t h i s s u r v e y w .
t h e l a s t s u r v e y
0 . 1 % a n d 9 . 4 % .
r e a s o n a b l y c o n e l
p l e d f i s h i n t h e
w h i l e n o n e w a s
t r i a l s .
T o s o r t o u t 1
o n e s t h e l e v e l o f
e m p i r i c a l l y d e c i c
e n t i a t i n g t h e t W (
I t w a s t h e n f o u
w e r e s a l t e d , o f ,
a n d t w o e a c h f r
f i s h e r i e s .
S i n c e 1 9 6 6 , t l
a n i m p r o v e d I T
d r i e d , s m o k e d h i
i n g p r o c e s s ( W A
1 9 7 1 ) . T h e r e w a i
t h a t Z a m b i a n s .
f i s h b e c a u s e o f u
i n t h e l o c a l m a r l
p r o s p e c t , e f f o r t s
n o t o n l y t h e F
s i a n s t a f f b u t a l
D e p a r t m e n t ' s S i r
C e n t r e o n L a k e ,
3 a p p a r e n t l y s h o
s u c c e s s f u l i n p e l
a d o p t t h e i m p r o '
s a l t e d . d r i e d f i s h
w e r e a l r e a d y o n
b y l o c a l c o n s u m
n o t e t h a t t h e s a
f i r s t a d o p t e d b y
m o s t a c c e s s i b l e
C e n t r e . T h e m e
o f s p r e a d i n g i n
a r e a s n e i g h b o u r i
A s s t a t e d a b o
K a r i b a , 5 0 % v
b e t w e e n t h e s a i l
1 . 2
0 . 1 9 . 4
8 3
0 . 5
o t - 1 .
2 9
1
N u m b e , · o f
S a m p l e s
S a l t
C o n t e n t A v e r a g e
J R a n g e
A v e r a g e V a l u e s o f P r o x i m a t e C o m p o s i t i o n ,
p H , B a c t e r i a l C o u n t s a n d O r g a n o l e p t i c
S c o r e s
T a b l e 2 s u m m a r i z e s a v e r a g e v a l u e s o f
w a t e r , a s h , o i l , p r o t e i n c o n t e n t , p H , t o t a l
a e r o b i c c o u n t s , c o l i f o r m c o u n t s a n d s c o r e s
b y o r g a n o l e p t i c t e s t s .
C o m p a r e d w i t h d r i e d L a k e T a n g a n y i k a
s a r d i n e ( W A T A N A B E 1 9 7 1 ) t h e s e p r o d u c t s
c o n t a i n e d m o r e w a t e r a n d l e s s a s h . O i l a n d
p r o t e i n c o n t e n t o f t h e t w o p r o d u c t s re~
s e m b l e d e a c h o t h e r , h e n c e t h e y w e r e s i m i l a r
i n c a l o r i c v a l u e s p e r u n i t o f e d i b l e p o r t i o n .
T h e p H o f t h e d r i e d s m o k e d b r e a m w a s
0 . 6 p o i n t s h i g h e r t h a n t h a t o f d r i e d L a k e
T a n g a n y i k a s a r d i n e .
B o t h t o t a l a e r o b i c a n d c o l i f o r m c o u n t s
w e r e r e c o r d e d a t f a i r l y e l e v a t e d l e v e l s . T h e
f o r m e r w a s o v e r o n e m i l l i o n a n d t h e l a t t e r
w a s h u n d r e d s p e r s q u a r e c e n t i m e t r e o f s k i n
s u r f a c e , b u t t h e s e f i g u r e s w e r e l e s s t h a n
t h o s e o f t h e d r i e d s a r d i n e . T h i s d i f f e r e n c e
m a y p a n l y b e a c c o u n t e d f o r h y t h e inclu~
s i a n o f i n t e s t i n a l c o n t e n t s f o r t h e a n a l y s i s
o f t h e s a r d i n e p r o d u c t s . N o d e t a i l e d a n a l y s i s
o f t h e t o t a l a e r o b i c f l o r a w a s d o n e b u t s o m e
m i c r o s c o p i c o b s e r v a t i o n o n i s o l a t e s f r o m
s e v e r a l s a m p l e s r e v e a l e d t h a t t h e m a j o r i t y
o f t h e f l o r a w a s c o m p o s e d o f c o c c i , m a i n l y
o f S t r e p t o c o c c i a n d S t a p h y l o c o c c i , w h i c h
w e r e m o s t l i k e l y o f s e c o n d a r y c o n t a m i n a -
t i o n . T h e p r e s e n c e o f t h e s e m i c r o - o r g a n i s m s
p o s e s t h e p o t e n t i a ) h a z a r d o f f o o d p o i s o n -
i n g i f t h e p r o d u c t s a r e c o n s u m e d n o n - c o o k e d .
T h e m a i n l o c a l d i s h m a d e f r o m t h i s p r o d u c t ,
m e m b e r s a n d t h e m e t h o d o f t h e s c o r i n g
b a s e d o n t h o s e r e p o r t e d e a r l i e r ( W A T A -
N A B E 1 9 6 2 ) .
T h e o t h e r p a r t o f t h e f i s h m e a t w " ' c u t
i n t o f i n e p a r t i c l e s b y a b l e n d e r a n d m i x e d
a s t h o r o u g h l y a s p o s s i b l e a n d s u h j e c t e d t o
c h e m i c a l a n a l y s i s . P r o x i m a t e c o m p o s i t i o n a n d
s a l t c o n t e n t w e r e d e t e r m i n e d h y A . O . A . C .
m e t h o d s ( A N O N . 1 9 6 5 ) a n d p H b y a g l a s s
e l e c t r o d e p H m e t r e .
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ed with some vege-
I long cooking time
This long cooking
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of appearance and
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rage score of cooked
This finding is con-
ef that the Zambian
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lane} were generally
presently marketed
the opinion that the
)e improved. Fresh
Kariba, were fre·




oct the muddy taste.
[ the dried fish was
lS meat.
Variation of the Parameters h.v Origin
Chemical, bacteriological and organolep-
tic values of the product varied by their
sources. The breakdown of the data in
ducts of Kariba bream is, therefore, made
(Table 4).
Proximate composition and pH of the
salted fish were quite similar to those of
the non-salted, whereas bacterial counts of
the former were markedly less than those
of the latter. There was little difference in
the result of organoleptic tests. Both types
of the product were scored as being of fair
quality. These results are rather disappoint-
ing since once salted a great deal of im-
provement in the eating quality of the pro-
duct has been expected as seen in the data
obtained from experiments conducted pre-
viously on taste preference for salted and
non-salted dried fish (WAT ANABE and
DZEKEDZEKE 1971b).
Those disappointing results might have
been due to the processors' mispracUce of
salting only those fish which were either of
poor quality at landing or of salting only
larger fish (note in Table 4 that the salted
oneS were 4070 heavier than the non-salted)
which if not salted tend to become spoiled
during the normally prolonged drying time.
In either case the dried products are bound
to be inferior in quality to those produced
from good fresh and smaller sized fish,
In addition to the above reasons, the fish
were nol salted up to the level recommend-
ed, Average salt content of the salted fish
was 4.4% which was far less than the 8-10%
recommended by the improved melhod
(WATANABE and CABRITA 1971), This
factor might also have contributed by caus-
ing spoilage at the initial stage of drying
resulting in the lower organoleptic sCOres
than expected. Fish processors should be
made aware of this finding and encouraged
to increase the salt content up to the pro-
posed level.
which shows the average salt content and
its range for the products,
The average value of percentage of salt
in this survey was 140% higher than that of
the last survey and varied widely between
0.1 % and 9.4%, From this observation it is
reasonably concluded that some of the sam-
pled fish in the present survey were salted,
while none was so processed in the 1967
trials.
To sort out salted fish from non-salted
ones the level of 1.5'10 salt on wet basis was
empirically decided as the borderline differ-
entiating the two categories of the product
It was then found that 14 samples (17%)
were salted, of which 10 were from Kariba
and two each from the Kafue and Barotse
fisheries.
Since 1966, the C.F.R.I. has developed
an improved method of preparing split,
dried. smoked bream involving a light salt-
jng process (WATANABE and CABRITA
1971). There was a widely believed opinion
that Zambians would never accept salted
fish because of unfamiliarity of the products
in the local markets. Despite this pessimistic
prospect. efforts have been made to train
not only the Fisheries Department exten-
sion staff but also fishermen, chiefly at the
Department's Sinasongwe Fisheries Training
Centre on Lake Kariba. The results in Table
3 apparently show thaI the efforts have been
successful in persuading local fishermen to
adopt the improved Q,lethod and to produce
salted, dried fish. Furthermore, the products
were already on the market and accepled
by local consumers. It is also interesting to
note that the salting method seemed to be
first adopted by Kariba fishermen who were
most accessible to the training given at the
Centre. The method is now in the process
of spreading into the Kafue and Barotse
areas neighbouring Kariba.
As stated above, of the 2 J samples from
Kariba. 50% were salted. A comparison












Sample Total Coliform and smell
,.
score g Z
No. Water Ash2 Oil2 Protein2 Sahli % pH Aeobic ,.score to
m
Salted JO Average 13.6 5.8 16.5 61.1 4.4 6.50 9,500 <10 6.0 6.0 270
Non-Salted 11 Average 21.0 5.6 11.1 62.3 0.7 6.66 5,900,000 170 5.6 5.9 193
-w
...





Table 5. Average Values of Proximate Composition, Salt, pH, Bacterial Counts, Organoleptic Scores, Fish size and Meat % by Sources
Bacterial Counts/
Proximate Composition ~,~ cm2 Skin Surface Fish
Appearl Cooked l Size by Mea.
Sources No. of Coli- ance Meat Wcight %





Barotsc 35 18.9 4.8 11. 5 64.9 0.7 6. 57 1,000,000 990 6.4 6.5 184 42
Kariba 21 16.7 5.7 14.7 62.9 2.4 6.58 2,500,000 89 5.8 6.0 227 34
Kafue 20 18.4 4.5 7.4 69.7 0.7 6.66 390,000 >10 4.7 5.9 120 35
Lukanga 4 11.5 4.5 10.8 73.3 0.7 6.49 530,000 5.5 6.2 234 30
Rukwa (Tanzania) 2 7.6 4.8 10.2 77 .5 - 6.66 350,000 4.0 6.6 113 38
Mwcru 1 6.6 4.7 15.8 72.9 0.7 6.78 200,000 2.0 1.5 202 40
'-t,T
(l) Score: Excellent 10. Good 8, Fair 6, Poor 4, Half Rotten 2, Rotten O.
(2) Wet Basis.
(I) Score: Excellent 10, Good 8, Fair 6, Poor 4, Half Rotten 2, Rotten O.
(2) Wet Basis.
Table 4. Comparison in Proximate Composition, Salt Content, pB, Bacterial Counts and Organoleptic Scores between Salted and Non-salted Dried•
Smoked Bream Produced on Lake Kariba
3~~~t!1~o~ ~~il';"'-'I:T~="Slc.~~
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(2) Per Square Centimetre of skin surface
(3) Score: ExceUent 10, Good 8,
Fair 6, Poor 4. Half Rotten 2,
Rotten O.
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Figure 1. Monthly changes of proximate composition,
pH, bacterial counts, cooked meal scores and meat
% of dried, smoked bream sampled from Luburma
market in Lusaka.
Each point is average of 6 to 25 determinations.
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1 3 6 K O W A T A N A B E
T a b l e I b y o r i g i n o f t h e p r o d u c t s i s s h o w n
i n T a b l e 5 . T h e n u m b e r o f s a m p l e s t a k e n
f r o m L u k a n g a , R u k w a a n d M w e r u w a s t o o
s m a l l , h e n c e t h e f o l l o w i n g d i s c u s s i o n i s
l i m i t e d t o t h e o t h e r t h r e e a r e a s . W a t e r c o n -
t e n t o f t h e K a r i b a p r o d u c t s w a s l o w e r t h a n
t h a t o f t h e o t h e r s , b u t t h e o i l c o n t e n t w a s
d i s t i n c t l y h i g h e r . A s d i s c u s s e d i n t h e p r e -
v i o u s s e c t i o n , s a l t c o n t e n t o f t h e K a r i b a
p r o d u c t w a s h i g h e r t h a n t h e o t h e r . T h e r e
w a s l i t t l e d i f f e r e n c e i n p H a m o n g t h e t h r e e
a r e a s . W i t h r e g a r d t o b a c t e r i a l c o u n t s , t h o s e
o f K a r i b a a n d B a r o t s e p r o d u c t s w e r e h i g h e r
i n t h e t o t a l a e r o b i c w h i l e t h e B a r o t s e p r o -
d u c t w a s t h e h i g h e s t i n c o l i f o r m c o u n t s .
O r g a n o l e p t i c a l l y , t h e B a r o t s e p r o d u c t s c o r e d
t h e h i g h e s t m a r k w h i c h w a s 0 . 5 p o i n t s h i g h e r
t h a n t h e o t h e r s . T h e v e r y d r y c l i m a t e w h i c h
e x i s t s y e a r r o u n d i n t h e B a r o t s e f i s h e r y
w o u l d h a v e h e l p e d d r y f i s h r a p i d l y a n d
t h u s p r e p a r e a p r o d u c t o f b e t t e r q u a l i t y .
I n d i v i d u a l K a r i b a f i s h w e r e c o n s i d e r a b l y
h e a v i e r t h a n t h e o t h e r s . T h i s m i g h t h a v e
m a d e d r y i n g m o r e d i f f i c u l t , r e s u l t i n g i n t h e
p o o r e r e a t i n g q u a l i t y o f t h e d r i e d p r o d u c t
f r o m t h i s f i s h e r y .
M o n t h l y C h a n g e s i n t h e P a r a m e t e r s
F i g . 1 s h o w s s e a s o n a l v a r i a t i o n o f t h e
a n a l y s e d v a l u e s .
W a t e r c o n t e n t i n c r e a s e d f r o m 8 ° 7 ( ' i n t h e
d r y s e a s o n o f O c t o b e r t o 2 0 % i n t h e r a i n y
s e a s o n o f D e c e m b e r t o J a n u a r y , w h i c h w a s
r e c i p r o c a t e d b y t h e d e c r e a s e o f o i l a n d
p r o t e i n c o n t e n t . A s i m i l a r t e n d e n c y w a s a l s o
o b s e r v e d i n t h e d r i e d L a k e T a n g a n y i k a
s a r d i n e ( W A T A N A B E , 1 9 7 1 ) , b u t t h e v a r i a -
t i o n o f t h e p r e s e n t p r o d u c t s w a s m u c h
w i d e r . A s h c o n t e n t w a s f a i r l y c o n s t a n t a t
a r o u n d 5 0 / 0 - T o t a l a e r o b i c a n d c o l i f o r m c a n ·
t e n t a n d p H h a d t h e i r h i g h e s t p e a k s i n
D e c e m b e r . L i t t l e c h a n g e h y m o n t h w a s
n o t e d i n c o o k e d m e a t s c o r e s . I n d i v i d u a l f i s h
s i z e d e c r e a s e d f r o m o v e r 2 0 0 g i n t h e d r y
s e a s o n o f S e p t e m b e r t o N o v e m b e r t o 1 4 0 g
i n t h e w e t s e a s o n o f J a n u a r y . T h i s m a y b e
d u e t o s e a s o n a l m o v e m e n t o f f i s h o r t h e
f i s h e r m e n ' s h a b i t i n t h i s s e a s o n t o s e t n e t s
w h e r e s m a l l e r f i s h w e r e m o r e a b u n d a n t .
W h i c h e v e r t h e r e a s o n , t h i s d e c r e a s e i n s i z e
o f f i s h d u r i n g t h e r a i n y s e a s o n f a c i l i t a t e s
t h e d r y i n g o f f i s h i n t h i s o t h e r w i s e u n f a v o u r -
a b l e p e r i o d a n d w o u l d a c c o u n t f o r t h e
f a i r l y c o n s t a n t l e v e l o f t h e q u a l i t y o f t h e
p r o d u c t s .
S o m e o f t h e c h a n g e s , e s p e c i a l l y t h e i n c r e a s e
o f w a t e r c o n t e n t i n t h e f i n i s h e d p r o d u c t s i n
t h e r a i n y s e a s o n , a r e u n d e s i r a b l e f r o m t h e
v i e w p o i n t o f u n i l o r m i t y i n t h e q u a l i t y a n d
s h e l f - l i f e . T o a v o i d t h e s e u n d e s i r a b l e c h a n g e s
d u e t o c l i m a t i c c o n d i t i o n s . t h e u s e o f p l a s t i c
b a g s s h o u l d b e c o n s i d e r e d . P a c k i n g t h e f i s h
p r o d u c t s i n p l a s t i c b a g s m a y a l s o a s s u r e
r e d u c e d s e c o n d a r y b a c t e r i a l c o n t a m i n a t i o n .
t h u s i m p r o v i n g t h e h y g i e n i c c o n d i t i o n o f
t h e p r o d u c t s .
R e l a t i o n s h i p s o f C o o k e d M e a t S c o r e s t o
t h e O t h e r P a r a m e t e r s
A s s u m i n g t h a t r e l a t i o n s h i p s b e t w e e n c o o k ·
e d m e a t s c o r e s a n d t h e o t h e r v a r i a t i o n s a r e
l i n e a r , r e g r e s s i o n ( b ) a n d c o r r e l a t i o n co~
e f f i c i e n t s ( r ) b e t w e e n t h e o r g a n o l e p t i c s c o r e s
a n d e a c h o f a p p e a r a n c e a n d s m e l l s c o r e ,
p e r c e n t w a t e r , p e r c e n t o i l , p H , l o g ( t o t a l
a e r o b i c c o u n t s ) . f i s h s i z e a n d p e r c c n t m e a t
w e r e c a l c u l a t e d . T h e r e s u l t s a r e s u m m a r i z e d
i n T a b l e 6 .
T h e 1 \ e t w o c o e f f i c i e n t s a r e u s e f u l i n select~
i n
b
p a r a n : e t e r s w h i c h c a n b e e m p l o y e d a s
i n d i c e s f o r d e t e r m i n i n g t h e e a t i n g q u a l i t y
a n d i n t h i s s e n s e p r o v i d e a b a s i s f o r t h e
q u a l i t y s t a n d a r d s . T h e c l o s e r t o ± 1 . 0 b o t h
c o e f f i c i e n t s o f a c e r t a i n p a r a m e t e r a r e , t h e
m o r e s u i t a b l e t h e p a r a m e t e r i s t o b e u s e d
f o r t h e q u a l i t y s t a n d a r d s . B u t , f o r t h e d i r e c t
c o m p a r i s o n o f t h e r e g r e s s i o n c o e f f i c i e n t
a m o n g t h e v a r i o u s p a r a m e t e r s , t h e r e g r e s s i o n
c o e f f i c i e n t f i g u r e s s h o u l d b e a d j u s t e d t o t h e
e q u a l l e v e l o f r e s p o n s i v e n e s s b y e q u a l i z i n g
t h e d i g i t a l n u m b e r o v e r d e c i m a l p o i n t o f
t h e a c t u a l f i g u r e s o f t h e p a r a m e t e r s . I t w a s
T u b l e 6 . S t a t i s t i c a l
P a r a m e t e r s
A p p e a r a n c e a n d S n
W a t e r %
o n %
p H
L o g ( t o l a l A e r o b i c
F i s h s i z e b y w e i g h t ,
M e a l ~,~
( 0 D e g r e e o f F r e e d
( 2 ) A d j u s t e d b y e q u
( 3 ) a o f H U e d R e v
a r b i t r a r i l y d e c i d
f i g u r e s t o o n e ~
a l l t h e p a r a m e t ,
e f f i c i e n t o f p e r C I
m u l t i p l i e d b y 1 0
t h e r e s u l t s o f
c o l u m n A d j u s t ,
i n T a b l e 6 . T '
a d j u s t e d r e g r e s :
t i o n c o e f f i c i e n t
c a l c u l a t e d a s a
t h e s u i t a b i l i t y 0
i n t h e a s s e s s m
a l s o i n c l u d e s th~
( b , x r ) . T h e e l l >
o f a c e r t a i n p a l
s u i t e d t h e p a r a m
a n i n d e x o f q u ,
A p p e a r a n c e l l J
b e s t c o r r e l a t i o n
t h e 1 % s i g n i f i a
c o e f f i c i e n t b e t w e
p o s i t i v e a n d f a i r !
i c a l l y t h e rela~
w h e n t h e f i s h '
e a t i n g q u a l i t y a J
m e a t s c o r e v a r i l
w h e r e a s a t l o w
r e l a t i o n s h i p w a s
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Table 6. Statistical Analysis of the Relationship of Cooked Meat Scores to the Other Parameters
Regression Correla- Signifi-
OF' Coefficient Adjusled2 a tioll co- cance hI, x r
Parameters b regression efficient Level, ~;,;
b, r
Appearance and Smell Score 81 0322 4.265 0.321 1 0.10
Water % Sl -0.038 -0.383 6.766 -0.242 5 0.09
Oil ;~ 81 -0 049 -0.492 6.160 -0.191 10 0.09
pH 81 -0.913 12.130 -0.196 10 0.18
Log (total Aerobic Counts) 81 -0.142 6.672 -0.134 0.02
rish size by weight, g. 81 -0.005 -0.486 6.969 -0 229 5 0.11
Meat /~ 81 0.033 0.32" 4.999 0225 5 0.07
(I) Degree of Freedom.
(2) Adjusted by equalising the digital number over decimal point of the actual figures of the parameters.
(3) a of Fitted Regression Function, Y = a+bx where y is Cooked Meal Score.
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esults are summarized
ts arc useful in select~
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g the ealing quality
vide a basis for the
closer to ± 1.0 both
tl parameter arc, the
Imeter is to be used
b. But, for the direct
egression coefficient
I11cters. the regression
d be adjusted to the
veness by equalizing
" de<:imal point of
::: parameters. I twas
arbitrarily decided to adjust the actual
figures to one digit over decimal point for
all the parameters. Then, the regression co-
efficient of per cent water, oil (lad meat were
multiplied by 10 and that of fish size by 100,
the results of which was shown under the
column Adjusted regression coefficient, bl>
in Table 6. Thereby, the multiple of the
adjusted regression coefficicnl and correla-
tion coefficient (b l x r) for each variate waS
calculated as a figure useful for evaluating
the suitability of each parameter for its use
in the assessment of eating quality. Table 6
also includes these figures under the column
(b, x r). The closer to one that the multiple
of a certain parameler is, then the better
suited the parameter-is to be considered as
an index of quality.
Appearance and smell score showed the
best correlation with cooked meat score at
the 17~ significance level. The regression
coefficien t between the two parameters waS
positive and fairly high. Fig. 2 shows graph-
ically the relationship. It indicates thai
when the fish appearance was good the
eating quality averaged fajr and the cooked
meat score varied between poor to good,
whereas at lower appearance scores this
relationship was reversed. Even if appear-
ance was poor, the products tasted a little
better than pour.
Per cent water was correlated significantly
with the cooked meat scores at the 5'70 level,
but the regres~ion coefficient between the
two was rather small and negative. This
implies that there was a ~ignificant and
responsive relation; the drier the product,
the better the eating quality.
Botb per cent oil and pH showed correla-
lion with the cooked meal scores only at the
lower significant level of 107c. The re-
gression coefficient for pH, however. was
very close to 1, signifying that this para-
meter was highly responsive to the changes
in eating quality, whereas per cent oil was
\ess responsive to the charyges in the quality
lhan pH. The regression coefficient of the
two parameters are both negative, therefore,
the lower the oil content and pH of the
dried products, the better the eating quality.
There was no significant correlation be-
tween total aerobic counts and the cooked
meat score. In other words, those counts
cannot be applied to indicate the eating
quality of split, dried, smoked bream in
Zambia.
Fish size and per cent meat showed signi-
ficant correlation to the cooked meat score
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oked meat scores of
at the 5% level. The adjusted regression co-
efficient of the fish size was reasonably high
to be effectively employed as an index of
the quality. Per cent meat is chiefly related
to the degree of beetle infestation of the
products. When the products are heavily
infested with beetles a low percentage of
meat and also lower taste score due to
off-flavour possibly caused by the beetles
(PROCTOR 1972) were expected. This ex-
pected relationship was partially proved by
the positive regression coefficient for per
cent meat. but the responsiveness of this
parameter to the changes in the cooked
meat was comparatively small.
Overall, the mUltiple figures of b, x r for
total aerobic and per cent meat were so
small that they could not effectively reflect
the differences in eating quality of the fish
products. The pH reading had the highest
figure of this multiple followed by fish size
and appearance and smell score, and those
of water and oil content were equal at 0.09.
Percent of water, however, would be a better
choice of the two because of its higher cor-
relation coefficient. Also, in practice, the
determination of the per ceo t water is easier
than that of oil content. Thus it is concluded
the pH, fish size, appearance and smell
score, and per cent water are the parameters
suitable for assessing the eating quality of
split, dried smoked bream presently mar-
keted in Zambia. •
SUMMARY
From August, 1968, to January, 1969,
eighty-three split, dried and smoked bream
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